1. Introduction {#s0005}
===============

Atrial fibrillation (AF) is known as the most common sustained supraventricular arrhythmia with an increasing global incidence and prevalence \[[@bb0005]\]. Rhythm control strategies, mainly with catheter ablation (CA) or cryoballon ablation (CBA), have also become optimal and well-established treatment options in the domain of symptomatic AF \[[@bb0010]\]. However, ablation therapy as an interventional procedure has still brought about various issues regarding procedural complications, high expenditure, as well as arrhythmia recurrence \[[@bb0015]\]. Moreover, the success rate of AF ablation has been only reported by 70% in patients with paroxysmal AF (PAF) and 50% in persistent AF (PeAF), which means that the recurrence rate of a single ablation procedure ranges from 30 to 50% \[[@bb0020]\]. In fact, the high acute success rates for CA procedure are deemed to be achievable and its durable efficacy for AF has remained the main challenge \[[@bb0020],[@bb0025]\]. Thus, appropriate patient selection considering the prediction factors of AF recurrence after an initially successful ablation has also become a significant issue for obtaining better outcomes \[[@bb0030]\]. In this regard, different clinical and para-clinical factors including older age, female gender, classical cardiovascular risk factors, non-paroxysmal AF, left ventricular (LV) dysfunction, myocardial fibrosis, and atrial enlargement have been further identified as possible predictors of post-ablation AF recurrence \[[@bb0035],[@bb0040]\].

Epicardial fat tissue (EFT), as a specialized visceral adipose tissue, has been also considered as an endocrine organ producing various pro-inflammatory and pro-atherogenic factors such as leptin, IL-6, adipocytokines, and TNF-alpha that promote the initiation and development of coronary artery atherosclerosis \[[@bb0045]\]. The EFT has been also suggested to play a significant role in promoting arrhythmogenesis due to its pro-inflammatory properties and anatomical proximity to the myocardium \[[@bb0050],[@bb0055]\].Correspondingly, some believe that EFT has an additional role in the modulation of different triggers, including metabolic and biochemical triggers, leading to AF \[[@bb0060]\]. The relationship between increase in EFT amount and AF occurrence and severity has been similarly shown in several recent studies \[[@bb0065]\]. Moreover, the association between EFT and AF recurrence after ablation is not evident yet although newly conducted meta-analysis comparing EFT volume in healthy and AF subjects has revealed an undoubted association between EFT and AF \[[@bb0070]\].

The abundance of EFT and post-ablation AF recurrence was firstly described by Tsao et al.; while more than ten different studies have investigated this association up to now \[[@bb0075]\]. However, these studies have been conducted in different populations, various disease stages (paroxysmal or persistent AF), a variety of EFT measurement methods (computed tomography (CT) or echocardiography), numerous methods of rhythm control strategy (CA or CBA), and diverse intervals of follow-up for AF recurrence \[[@bb0080], [@bb0085], [@bb0090], [@bb0095], [@bb0100], [@bb0105], [@bb0110], [@bb0115], [@bb0120]\]. The present study was the first attempt to verify the association between AF recurrence and EFT, conducting a meta-analysis of investigations comparing patients with and without AF recurrence after ablation.

2. Methods {#s0010}
==========

2.1. Protocol {#s0015}
-------------

This systematic review and meta-analysis conducted by the principles set in the Preferred Reporting Items for Systematic Reviews and Meta-Analyses: the PRISMA Statement \[[@bb0125]\].

2.2. Eligibility criteria and study selection {#s0020}
---------------------------------------------

Studies were included if they were: 1) reported EFT thickness or volume with any statistical indexes, 2) reported EFT parameters in two groups of patients with and without AF recurrence after ablation, and 3) measured EFT by CT, magnetic resonance imaging (MRI), or echocardiography. Studies published as conference abstracts were considered eligible for inclusion; however, case reports and review articles were excluded. These articles were independently reviewed by two assessors to ensure full compliance with the study inclusion and exclusion criteria and were discussed and revised in the cases of disagreements.

2.3. Information sources and search {#s0025}
-----------------------------------

Databases including MEDLINE/PubMed, EBSCO, Thomson Reuters\' Web of Science, the Cochrane Library, and Google Scholar, were searched since inception until July 2018 using the following keywords: "Atrial fibrillation; Arrhythmias, Cardiac; Adipose Tissue, Epicardial adipose, Epicardial fat, Epicardial adipose tissue." Titles and abstracts were screened for the exclusion of unrelated articles. Also, the references of all finally included articles were reviewed in case of finding any related article. No language restrictions were assumed for the included articles.

2.4. Data collection process {#s0030}
----------------------------

Using a data extraction table, the required information from each article including first authors name, publication year, study design, sample size, method of AF ablation (CA or CBA), imaging method of EFT measurement (CT, MRI, or Echocardiography), type of reported EFT (thickness or volume), the location of measured EFT, and follow-up duration for AF recurrence were extracted. The table was completed by the first author and checked by another author for verifying.

2.5. Quality assessment {#s0035}
-----------------------

The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement was used to assess the quality of the included studies with full-text \[[@bb0130]\]. The STROBE contained 22 items for quality assessment of the information reported in different sections of a study including introduction, study design and setting, statistical evaluation, results, discussion, and findings. A summary of the results of STROBE judgment for all finally included studies was prepared based on a rating scale ranging from 0 to 22. Quality assessment was performed by two different assessors and a third assessor in case of discrepancies. In the case of conference abstracts, studies without full-text, another type of STROBE checklist, contained 12 items to be included when reporting observational studies in a conference abstract, was used.

2.6. Summary measures and synthesis of results {#s0040}
----------------------------------------------

The PRISMA declaration was followed for statistical analysis. Q statistic of Chi-square value test and I^2^ index (inconsistency index) were used to evaluate the heterogeneity of individual studies contributing to the pooled estimate. I^2^ \> 50% suggested heterogeneity \[[@bb0135]\]. P \< 0.05 was considered statistically significant, suggesting the presence of heterogeneity. In the case of heterogeneity, a random effects model was used. Probable sources of heterogeneity through the studies were explored using meta-regression and subgroup analysis. The probability of publication bias was evaluated through the Egger\'s regression test and Funnel plots \[[@bb0140]\]. The funnel plots exhibit a graphical representation of possible publication bias so that any asymmetry in the plot can represent publication bias, and Egger\'s regression is also the statistical counterpart of this asymmetry. Considering the different methods of EFT measurement, three different pooled meta-analyses were done in this systematic review including 1) comparison of total EFT volume, 2) LA-EFT volume, and 3) EFT fat thickness between two groups of with and without recurrence AF. All statistical tests were two-tailed and the type I error rate was set at 5%. Statistical analysis was performed using Comprehensive Meta-analysis (CMA) version 2.

3. Results {#s0045}
==========

3.1. Study selection {#s0050}
--------------------

The literature search resulted in 518 records. After exclusion of 194 duplicated records, of the 324 remaining records, 294 were not related to the topic. After assessing the full texts of 30 remaining studies, 20 of the articles excluded. Finally, the findings of the 12 studies published in 10 articles were enrolled in this study ([Fig. 1](#f0005){ref-type="fig"}). Finally, three different pooled meta-analyses were done, assessing the association of total EFT volume (n = 4), LA-EFT volume (n = 4), and EFT fat thickness (n = 4) between two groups of with and without recurrence AF.Fig. 1PRISMA flow chart of included studies.EFT: epicardial fat tissue, LA: left atrium.Fig. 1

3.2. Excluded studies {#s0055}
---------------------

Twenty studies were excluded after reviewing the original text for the following reasons: 1) lack of reporting EFT, and considering pericardial adipose tissue as the main outcome (n = 2); 2) using electrical cardioversion, not ablation for AF (n = 1); and 3) no comparison between two groups of with and without AF recurrence was available (n = 17).

3.3. Study characteristics {#s0060}
--------------------------

The analysed studies had included 1208 individuals including patients with AF recurrence (n = 816) and without AF recurrence (n = 392) after ablation. Among the AF patient, 889 patients had PAF, and 333 had PeAF. Most of the articles (7/10) were in the full-text format, while three articles were in the conference abstract \[[@bb0085],[@bb0095],[@bb0100]\]. CT \[[@bb0075], [@bb0080], [@bb0085],[@bb0095], [@bb0100], [@bb0105], [@bb0110], [@bb0115]\] and echocardiography \[[@bb0090],[@bb0120]\] were the used imaging modalities for EFT measurements. The least sample size was 38 \[[@bb0085]\], and the largest ones were related to Chao et al., \[[@bb0090]\] with 283 patients. The first article was published in 2011 \[[@bb0075]\], and the latest article in 2016 \[[@bb0120]\] ([Table 1](#t0005){ref-type="table"}). Other characteristics of the included studies including study location, type of ablation, follow-up duration, age, body mass index (BMI), and gender distribution are shown in [Table 2](#t0010){ref-type="table"}.Table 1Characteristics of the included studies.Table 1ReferenceYearSample size (PAF/PeAF)AF recurrenceNo AF recurrenceType of EATImagingArticle typeQuality scorenMean ± SD[a](#tf0005){ref-type="table-fn"}nMean ± SD[a](#tf0005){ref-type="table-fn"}Tsao \[[@bb0075]\]201168 (43/25)2435.2 ± 12.54426.8 ± 11.1LA-EFT volumeCTOA18/22Nagashima \[[@bb0080]\]201140 (24/16)15239 ± 90.225153.5 ± 42.7Total EFT volumeCTOA18/221569.6 ± 35.52540.7 ± 13.9LA-EFT volumeCTMurakami \[[@bb0085]\]201238 (32/6)12200 ± 6226145 ± 37Total EFT volumeCTCA5/12Chao \[[@bb0090]\]2013227 (all PAF)646.3 ± 0.61495.7 ± 0.6RV wall EFT thicknessEchoOA19/2256 (all PeAF)317.3 ± 0.6256.7 ± 0.7RV wall EFT thicknessEchoKawakami \[[@bb0095]\]201395 (74/21)34147.3 ± 35.861109.5 ± 34.9Total EFT volumeCTCA4/12Soucek \[[@bb0100]\]2014102 (74/28)27115.8 ± 38.27586.6 ± 38.2Total EFT volumeCTCA5/12Nakahara \[[@bb0105]\]201460 (0/60)4733.2 ± 10.71325.1 ± 11LA-EFT volumeCTOA18/22Masuda \[[@bb0110]\]201553 (22/31)2435.1 ± 13.12925.0 ± 9.5LA-EFT volumeCTOA22/22Kocyigit \[[@bb0115]\]2015249 (203/46)604.4 ± 2.11894.3 ± 1.6RV wall EFT thicknessCTOA19/22Canpolat \[[@bb0120]\]2016234 (190/44)457.79 ± 2.21895.79 ± 1.38RV wall EFT thicknessEchoOA19/22[^1][^2]Table 2Settings and baseline characteristics of the included studies.Table 2ReferenceLocationType of ablationAge, yearsGender, male (%)BMI, kg/m^2^Follow/up durationAF Rec (−)AF Rec (+)AF Rec (−)AF Rec (+)AF Rec (−)AF Rec (+)Tsao \[[@bb0075]\]TaiwanRFCA53.3 ± 9.057.1 ± 7.134 (77%)18 (75%)25.3 ± 3.026.2 ± 3.93 monthsNagashima \[[@bb0080]\]JapanRFCA56.4 ± 11.060.7 ± 8.518 (72.0%)13 (86.7%)22.4 ± 2.424.1 ± 2.63--6 monthMurakami \[[@bb0085]\]JapanRFCAN/AN/AN/A3 monthsChao \[[@bb0090]\]TaiwanRFCATotal: 54.6 ± 10.4Total: 197 (69.6%)Total: 25.3 ± 3.616 ± 9 monthsKawakami \[[@bb0095]\]JapanRFCATotal: 60.5 ± 11.8Total: 73 (76.8)N/AOne yearSoucek \[[@bb0100]\]USARFCAN/ATotal: 85 (83.3)N/A3 monthsNakahara \[[@bb0105]\]JapanRFCATotal: 63.1 ± 10.4Total: 50 (83%)NA16.0 (12--16) monthsMasuda \[[@bb0110]\]JapanRFCA61 ± 1362 ± 922 (76)14 (58)24.3 ± 3.224.0 ± 3.216 ± 4 monthsKocyigit \[[@bb0115]\]TurkeyCryo55.1 ± 10.756.9 ± 10.486 (45.5)34 (56.7)24.2 ± 1.624.4 ± 1.629 (8--48) monthsCanpolat \[[@bb0120]\]TurkeyCryo53.1 ± 10.657.8 ± 10.894 (49.7%)26 (57.8%)25.3 ± 5.226.0 ± 3.320 (13--24) months[^3]

3.4. Total epicardial fat volume {#s0065}
--------------------------------

The comparison of total EFT volume between two groups of patients with and without AF recurrence using a random effect model showed an SDM of 1.02 ml (95% CI = 0.74--1.28), indicating that EFT volume was higher in AF recurrence patients. No significant heterogeneity was observed among the studies\' results (P = 0.526, Q-value = 2.29, df (Q) = 3, I^2^ = 0.0%) ([Fig. 2](#f0010){ref-type="fig"}-A).Fig. 2(A) Fixed effect meta-analysis comparing total EFT volume of patients with AF recurrence and without AF recurrence; (B) fixed effect meta-analysis comparing left atrium (LA)-EFT volume of patients with AF recurrence and without AF recurrence; (C) random effect meta-analysis comparing epicardial fat tissue (EFT) thickness of patients with AF recurrence and without AF recurrence.Fig. 2

3.5. Left atrium epicardial fat volume {#s0070}
--------------------------------------

About the association between the LA-EFT volume and the AF recurrence, there was a significant difference in the SDM between patients with and without AF recurrence (0.86 ml, 95% CI = 0.56--1.15), showing a higher LA-EFT volume in AF recurrence patients. The heterogeneity was not found among the studied studies (P = 0.731, Q-value = 1.29, df (Q) = 3, I^2^ = 0.0%,) using the fixed effect model ([Fig. 2](#f0010){ref-type="fig"}-B).

3.6. Epicardial fat thickness {#s0075}
-----------------------------

The patients with AF recurrence had a significant higher echocardiographic EFT thickness than those without AF recurrence (SDM = 0.80, 95% CI = 0.21--1.40). Considering the founded heterogeneity among the studied studies (P = 0.000, Q-value = 33.60, df (Q) = 33.60, I^2^ = 91.07%), the random effect model was used ([Fig. 2](#f0010){ref-type="fig"}-C).

3.7. Quality assessment and publication bias {#s0080}
--------------------------------------------

All studies in the current meta-analysis were not of the same quality; the lowest STROBE score was 18, and the highest was 22 for the articles with full-text ([Table 1](#t0005){ref-type="table"}). Description of any efforts to address potential sources of bias was not clear in most of the articles with full-text (6/7). Moreover, the eligibility criteria and the sources and methods of selection of participants were not also clear in 90.0% of the articles. Regarding the Egger\'s regression test (P = 0.187), there was no published bias in the studies ([Fig. 3](#f0015){ref-type="fig"}).Fig. 3Illustration of funnel plot asymmetry due to heterogeneity including all studies.Fig. 3

4. Discussion {#s0085}
=============

4.1. Summary of main results {#s0090}
----------------------------

The main findings of the present study showed an association between increased EFT and AF recurrence. In this respect, three different meta-analyses were conducted to investigate the association between EFT volume, both total and LA specified EFT, as well as EFT thickness on right ventricle free-wall and post-ablation AF recurrence. The findings were all in a similar line, showing a positive association between increased EFT and AF recurrence. Surprisingly, the present meta-analysis demonstrated a significant difference in EFT thickness between two groups with and without AF recurrence; similar to what was reported by CT about EFT volumes. These findings put emphasis on the importance of further evaluations on EFT reports about echocardiography, as a safe and non-invasive imaging modality \[[@bb0145]\]. Furthermore, the present study, as the first attempt to clarify the association between EFT and AF recurrence revealed a new possible imaging marker for the prediction of AF recurrence, which required further carefully-designed studies for more accurate evaluations.

4.2. Why was this meta-analysis important? {#s0095}
------------------------------------------

While it is still unclear how EFT affects electrical and structural AF substrates, there are some mechanisms including electrical remodeling, inflammation, oxidative stress, genetic factors, neural mechanism, and aromatase estrogenic capacity that can be taken into account \[[@bb0150], [@bb0155], [@bb0160]\]. The findings of this study suggested that an increased amount of EFT was much more popular in cases of post-ablation AF recurrence, implying the importance of EFT reduction as a part of strategic planning for AF recurrence prevention. However, the effect of EFT reduction on the outcomes of AF ablation required different clinical trials, but the evidence from observational studies reviewed in this study supported the probable beneficial effects of EFT decline on post-ablation AF recurrence reduction. The study argument was also put on the grounds that: 1) EFT had a strategic location, which was mostly accumulated between the myocardium and the visceral pericardium, without any separating structure from the myocardium and the epicardial vessels \[[@bb0050],[@bb0165],[@bb0170]\]; 2) aside from the approved mechanisms of EFT effects on arrhythmia, EFT might have an effect on triggers from different sites, mainly pulmonary veins, that could interact with a remodelled atrial substrate to sustain AF \[[@bb0060]\]; 3) association between EFT and AF incidence had been proven in a recent meta-analysis \[[@bb0070]\], and 4) the present meta-analysis showed the evidence of EFT effects on AF recurrence. In fact, it was assumed that EFT reduction would have more beneficial effects on the outcomes of ablation rather than whole body weight loss through a targeted therapy strategy; however, the impact of whole body weight loss on the EFT reduction was certainly not negligible \[[@bb0175],[@bb0180]\]. Likewise, it should be noted that weight loss and statins are so far the only recommended solutions for EFT reduction, and other therapeutic agents such as Eicosapentaenoic acid and Botulinum toxin are even now on their initial phases of clinical trials \[[@bb0185], [@bb0190], [@bb0195]\].

4.3. Comparison with other meta-analyses {#s0100}
----------------------------------------

Although the association between the amount of EFT and AF has been recently approved in another meta-analysis \[[@bb0070]\], the present study was the first meta-analysis on the association between EFT and post-ablation AF recurrence. Therefore, the findings of this meta-analysis were incomparable to another review study in this domain. However, the present meta-analysis, similar to other recent meta-analyses, helped to find another piece of the puzzle of EFT and AF association. In Gaeta et al., the piece of the association between EFT and AF incidence or prevalence was merely found; while in the present study, the piece of association between EFT and AF recurrence was completed.

4.4. Causes of heterogeneity {#s0105}
----------------------------

One of the most interesting points about this meta-analysis was the method of classification of studies in three categories of LA-EFT volume, total EFT volume, and EFT thickness. Using this approach, the evident source of heterogeneity among studies was reduced; wherein no heterogeneity was reported in two meta-analyses of comparing EFT volumes in two groups with and without AF recurrence. Although, the I^2^ index was found to be 0.0% for meta-analysis of EFT volumes, including LA and total-EFT; it was reported to be \>90% for EFT thickness, indicating the presence of heterogeneity sources among the studies. Given the obtained heterogeneity, the random effect model was used in EFT thickness meta-analysis. Considering the number of studies, a subgroup analysis could not be performed to find the possible sources of heterogeneity among various probable factors such as female gender, ablation type, AF type (PAF or PeAF), and criteria used to define AF recurrence, as well as quality of studies based on STROBE Checklist. Moreover, BMI and age, as well as other classical coronary artery disease (CAD) risk factors were additional possible sources of heterogeneity whose role was impossible to be assessed as the sources of heterogeneity with meta-regression due to no reference to them in the majority of studies. However, in another meta-analysis, it had been reported that EFT was not only associated with AF independently from the presence of classical CAD risk factors, but also the EFT amount was regarded as a better risk marker associated with arrhythmia.

4.5. Overall completeness, applicability, and quality of evidence {#s0110}
-----------------------------------------------------------------

The number of high-quality studies investigating the association between EFT and AF incidence and prevalence seemed not to be enough to reach a definite conclusion. Although a strong association was found in this study showing that people with AF recurrence had an increased volume and thickness of EFT, the included evidence in this meta-analysis was not sufficient considering its quantity and quality. So, it is believed that there is still a long way to go for an undoubted approval of the association between increased EFT and a higher risk of AF recurrence. Considering the low number of studies in this field, there were attempts to include as much study as possible in this meta-analysis, taking no notice of the quality of the reported evidence, which reduced the strength of the results of this study for generalization. In this regard, three studies without any full-texts were included, which had been only published as abstracts in conference abstract books, as well as three investigations with a quality score equal to 18 (of 22). A total number of 1222 patients, from 10 articles, were included in this systematic review, and the number of patients reached around 250--750 individuals in each meta-analysis, which seemed little for the generalization of the results. Besides, the prospective design for studies was evident in only two cases, and most of the investigations did not bring up their retrospective or prospective approaches in the process of data collection.

4.6. Study limitations {#s0115}
----------------------

All the included studies in this meta-analysis had an observational design, which by itself had no high position among the Evidence-Based Medicine Pyramid (EBMP). Besides, all the included studies were single-center trials with small sample size. On the other hand, the findings of some studies were limited only to a three-month follow-up. Another limitation in the given studies might be the presence of reporting bias; therefore, AF recurrence as a complication of AF ablation might have been underestimated in some studies. Moreover, we could not adjust our results based on age, gender, and major CAD risk factors, since not all the studies have reported any adjustment for these possible confounders.

5. Conclusions {#s0120}
==============

According to the findings of the present meta-analysis, the EFT measurement, both volume and thickness measurements, seemed to be acceptable strategies for risk stratification of AF recurrence. The present meta-analysis showed that total and LA-EFT volumes, as well as EFT thickness, were higher in patients with AF recurrence in comparison to those without AF recurrence after ablation. However, the amount of evidence in this regard is still inadequate, requiring further cohort studies.

5.1. Implications for further research {#s0125}
--------------------------------------

Future studies would be required to indicate which type and what protocol of imaging as well as which location of EFT measurement can be the best choices for risk stratification. Moreover, further studies with longer follow-up periods as well as larger sample sizes, are still needed to assess the EFT between two groups with and without AF recurrence. Furthermore, achieving a certain cut-off point from the echocardiographic thickness of EFT and total or LA-EFT are expected to be a challenging issue for future prediction of post-ablation AF recurrence, and this could be also a good idea for future studies.

5.2. Implications for practice {#s0130}
------------------------------

Based on this meta-analysis, it seemed that clinicians should evaluate the EFT, whether as EFT thickness by echocardiography or as EFT-volume via CT, as a possible imaging marker for a better assessment of AF ablation clinical outcomes. Thus; lowering the amount of EFT after ablation, using the available strategies such as weight loss or statin therapy, might be useful for moderating the risk of post-ablation AF recurrence.
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[^1]: PAF/PeAF: paroxysmal/persistent atrial fibrillation; LA: left atrium; EAT: epicardial adipose tissue, CT: computed tomography; OA: original article; CA: conference abstract; RV: right ventricle; Echo: echocardiography.

[^2]: Notice: Unit of the volume and thickness variables are milliliter (ml) and millimeter (mm), respectively.

[^3]: Rec: recurrence; BMI: body mass index; N/A: not available; RFCA: radio frequency catheter ablation; Cryo: cryoballon ablation.
